In vitro evaluation of the cytotoxic potential of alkylphenols from Ginkgo biloba L.
Extracts from the leaves of Ginkgo biloba L. belong to the most widely used phytopharmaceuticals. In crude Ginkgo extracts, ginkgolic acids (GA) and related alkylphenols (e.g. cardanols and cardols) have been recognized as hazardous compounds with suspected cytotoxic, allergenic, mutagenic and carcinogenic properties. To further assess the cytotoxic potential of GA, their effect on the human keratinocyte cell line HaCaT and the rhesus monkey kidney tubular epithelial cell line LLC-MK(2) was investigated. The action of a defined mixture of GA on cell growth, viability and integrity was evaluated by the neutral red uptake assay as well as the release of lactate dehydrogenase (LDH) and acid phosphatase (ACP). Cell morphology was examined by electron microscopy. For comparison, the effect of the standardized Ginkgo extract EGb 761, which contains less than 5 ppm GA, was also investigated. Following incubation of cells with EGb 761, neutral red uptake was half-maximally inhibited at concentrations of 900 mg/l (HaCaT) and 1480 mg/ml (LLC-MK(2)). The corresponding IC(50)-values for the mixture of GA ranged between 22 mg/l (HaCaT) and 4.6 mg/l (LLC-MK(2)), respectively. In parallel to the inhibition of neutral red uptake, a concentration dependent release of LDH was observed when cells were incubated in the presence of GA (1-100 mg/l). In contrast, even at a concentration of 1800 mg/l EGb 761 did not cause release of LDH above controls. Since GA interacted with the assay for ACP, no index of lysosomal damage could be established by this method. Incubation of HaCaT cells with GA for 18 h increased the proportion of apoptotic cells from about 6% (control) to nearly 80% at concentrations of >or=30 mg/l. Electron microscopic analysis of HaCaT cells revealed a drug induced formation of myelinosomes possibly due to the inhibition of lysosomal enzymes, while morphological evaluation of LLC-MK(2) cells indicated that the cytotoxic activity of GA in these cells is primarily mediated by transformation of mitochondria, which is probably induced by uncoupling of oxidative phosphorylation.